Objective To evaluate the degree to which the paralysis of a dominant hand affects quality of life (QOL) in patients with subacute stroke. Methods We recruited 75 patients with subacute hemiplegic stroke. Patients were divided into two groups according to the location of the lesion and the side of the dominant hand. Group 1 consisted of patients whose strokes affected the dominant hand (i.e., right hemiplegia and right dominant hand or left hemiplegia and left dominant hand). Group 2 consisted of patients whose strokes affected the non-dominant hand (i.e., left hemiplegia and right dominant hand or right hemiplegia and left dominant hand). The primary outcome measure was the Short-Form 36-Item Health Survey (SF-36), which was used to evaluate health-related QOL. Secondary outcomes were scores on the Modified Barthel Index (MBI) and Beck Depression Inventory (BDI). Results We did not find any statistically significant differences between the groups in any SF-36 domain including the summaries of physical and mental component. Similarly, the MBI and BDI scores were not significantly different between the groups. Conclusion The effect of paralysis on the dominant hand and QOL in patients with subacute stroke was not significantly different from the effect of paralysis on the non-dominant hand.
INTRODUCTION
Stroke is a serious condition associated with a high mortality rate and severe disability [1] . Social functions, such as self-management and communication, are generally reduced in stroke patients, and many reports showed results of poor quality of life (QOL) [1, 2] . Several studies have found that poor daily function decreases QOL and satisfaction levels in stroke patients [3] ; and Pyun et al. [4] noted that improving QOL was the primary objective of rehabilitation in stroke patients.
Hand dominance refers to a hand preference when performing a task [5] . Hand dominance is an important factor in the performance of motor skills, because the dominant hand is used for many daily and recreational activities [6, 7] . The speed, precision, and coordination www.e-arm.org of the dominant hand are superior to those of the nondominant hand, which may stem from motor programs and skills developed through extensive practice and experience associated with the use of dominant hand [7] [8] [9] [10] .
A stroke involving the dominant hand may affect the patient's ability to perform daily tasks. In fact, activities of daily living (ADL) that require the use of upper limbs are seriously limited in 80% of the stroke patients [7, 11] . Spaulding et al. [12] administered the Jebsen Hand Function Test (JHFT) to 50 patients with hemiplegia. They found that participants in the study demonstrated significantly slower performance on all items of the test for both non-paretic and paretic hands, when the scores were compared to the previously published norms. Furthermore, right-handed patients with the left hemiplegia performed all subtests more slowly when using the involved hand, compared to those with the right hemiplegia. However, performance with the non-involved hand did not show significant difference between the left and the right hemiplegic groups on any subtest, with the exception of the writing subtest. Laufer et al. [13] examined time-related changes in motor performance of daily tasks of the upper extremity ipsilateral to the side of lesion, in poststroke hemiparetic patients. They found that left hands of patients with an intact right cerebral hemisphere showed more improvement compared to the patients with the right hand and the intact left cerebral hemisphere.
There are many studies about factors affecting QOL in stroke patients [14] . ADL and depression are wellknown to be the major factors affecting QOL after stroke [4] . However, no studies have investigated whether loss of function in the dominant hand affects QOL. Thus, we investigated the effect of paralysis on the dominant hand and QOL in patients with subacute stroke.
MATERIALS AND METHODS

Subjects and methods
Patients who were diagnosed with stroke in the Department of Rehabilitation Medicine between March 2009 and May 2013 were recruited for the study. A flow chart of the participant selection process is shown in Fig. 1 .
Inclusion criteria were as follows: 1) within 3 months of stroke onset, 2) chief complaint of hemiparesis, and 3) first episode of unilateral stroke. Exclusion criteria were as follows: 1) uncertain which hand was dominant according to the Edinburgh Handedness Inventory (EHI), 2) cognitive impairment with less than 24 points on the Mini-Mental State Examination-Korean version (MMSE-K), 3) cerebellar lesion, 4) lesion in both hemispheres, and 5) subarachnoid hemorrhage.
The patients were divided into two groups according to the location of the impairment and the side of the dominant hand. Group 1 consisted of patients whose lesion was on the same side as the dominant hand (right hemiplegia with right dominant hand or left hemiplegia with left dominant hand), and group 2 included patients whose lesion was on the side opposite to the dominant hand (left hemiplegia with right dominant hand or right hemiplegia patients with left dominant hand).
We used the EHI, a widely used test of handedness, to identify each patient's dominant hand [15] . The EHI consists of the following 10 items: writing; drawing; throwing; use of scissors, toothbrush, knife (without fork), www.e-arm.org spoon, and broom (upper hand); striking a match; and opening a box. The subjects were instructed to indicate the strength of their hand preference for each of the 10 items, by putting one or two ticks in the right or left hand column or one tick in each column if they were indifferent about that item. The EHI laterality quotient score ranges from +100 (totally right handed) to -100 (totally left handed).
The present research was approved by the Institutional Review Board of Kyungpook National University Hospital (No. 2014-01-016).
Outcome measurements
Primary outcome measure Short-Form 36-Item Health Survey (SF-36): The SF-36 is a questionnaire that assesses health-related quality of life (HRQOL); it has been used extensively in clinical and epidemiological research and in health service studies. The SF-36 is a widely used, generic, patient-reported, measure of health status. The survey comprises of the following 8 health subdomains: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH). The PF, RP, BP, and GH scales are highly correlated with the physical component and are used to calculate the physical component summary (PCS). The VT, SF, RE, and MH scales are highly correlated with the mental component and are used to calculate the mental component summary (MCS) [16] [17] [18] . We used the Korean version of SF-36, which has been proven to be reliable and valid [16] .
The SF-36 forms were completed upon the admission to the Department of Rehabilitation Medicine. The questionnaires were evaluated by rehabilitation medicine physicians who were not involved in our study.
Secondary outcome measurements
Modified Barthel Index (MBI) and Beck Depression Inventory (BDI): ADL was evaluated using the Korean version of the MBI (K-MBI) developed by Jung et al. [19] in 2007. The MBI consists of the following 10 items: personal hygiene, bathing, feeding, toileting, stair climbing, dressing, bowel control, bladder control, ambulation or wheelchair, and chair-bed transfer. The scores range from 0 indicating inability to perform to 100 indicating complete independence in performing self-care. The MBI scores were rated as follows: complete dependence (total scores of 0−20); severe dependence (21−60); moderate dependence (61−90); and slight dependence (91−99) [20] . The MBI is widely used throughout the world because it is reliable, valid, and free of royalty and copyright [21] .
The BDI is a widely used self-report scale that measures the severity of depression. The BDI was developed to ascertain the type and degree of depression based on the symptoms [22] . The questionnaire contains 21 items assessing emotional, cognitive, motivational, physiological, and other symptoms. Each item consists of four statements describing increasing intensities of depression. The items are rated on a scale from 0 to 3, reflecting feelings the participants have had over the past week. Possible scores range from 0 to 63 and higher scores indicate more severe depressive symptomatology [22] . The Korean version of the BDI has been standardized, and it is found to be reliable and valid [23] . The BDI has high reliability and alpha coefficient values, and it established construct validity [22] . We divided the severity of depression into two groups: normal (total score, 0−13) and mild to severe depression (total score, 14−63) [24] .
Statistical analysis
All statistical tests were conducted using the SPSS for Windows ver. 19 (SPSS Inc., Chicago, IL, USA). The chisquare test and independent t-tests were used to compare between-group baseline characteristics and SF-36, MBI, and BDI scores. A p-value <0.05 was deemed statistically significant.
RESULTS
General characteristics
Our study included 75 patients with subacute stroke. Among them, 31 patients (17 males and 14 females; mean age, 58.16±16.77 years; time since onset of stroke, 3.63±4.87 weeks) had their dominant hands paralyzed, and 44 patients (20 males and 24 females; mean age, 63.66±14.16 years; time since onset of stroke, 3.57±3.43 weeks) had their non-dominant hand paralyzed. The dominant-hand group (group 1) included 4 left and 27 right hands, and the non-dominant-hand group (group 2) included 3 left and 41 right hands.
No statistically significant differences between the groups were found for the following factors: age, sex, lesion location, type of stroke, hemorrhage volume, duration of disease, MMSE-K, Berg Balance Scale, National www.e-arm.org
Institutes of Health Stroke Scale (NIHSS), subscales of motor function in NIHSS, JHFT, marital status, education, employment, and accompanying chronic diseases (Table 1) .
SF-36 scores
Comparison of the SF-36 scores in groups 1 and 2 revealed no statistically significant differences in the all subdomains and two main scores (PCS and MCS) (Fig. 2) .
MBI and BDI scores
No significant difference in MBI activity score was found between groups 1 and 2. The score for self-feeding was higher in group 2 than in group 1; however, the difference was not statistically significant (Table 2) .
Furthermore, we found no significant differences between the groups in BDI normal and mild-to-severe depression scores (Table 2 ).
DISCUSSION
We investigated the effect of dominant-hand paralysis on QOL of patients with subacute stroke. Our results indicate that paralysis of the dominant hand had no added effect on QOL in these patients, beyond the effect of stroke itself.
QOL encompasses several areas including physical functioning, psychological responses such as anxiety www.e-arm.org and depression, and social support. Assessment of QOL can be used for diagnosis, prognosis evaluation, patient monitoring, and treatment. Thus, the evaluation of QOL is of importance in clinical fields as well as in research [25, 26] .
Several HRQOL instruments that assess the ability of a patient to perform a social role and gauge their wellbeing are available to clinicians [27] . The most widely used index, the SF-36, was designed to be a straightforward measure of function and stability in the medical outcomes study [16, 28] . Therefore, we used the SF-36.
A comparison of QOL in patients whose dominant hand was affected by the stroke and in patients whose nondominant hand was affected revealed no significant differences between the groups in MCS, PCS, or any of the SF-36 subdomains.
Pyun et al. [4] found that ADL and depression were the two major factors affecting QOL after a stroke. We found no statistically significant differences between the groups in ADL using the MBI or in depression using the BDI. In addition, King [29] reported that the factors of social Fig. 2 . Comparison of the physical and mental components of the SF-36 in the groups with paralysis of dominant hand (n=31, circle) and non-dominant hand (n=44, square) revealed no significant differences between the groups. PF, physical function; RP, role physical; BP, bodily pain; GH, general health; PCS, physical component summary; VT, vitality; SF, social function; RE, role emotional; MH, mental health; MCS, mental component summary. www.e-arm.org support, social class, age, and cardiovascular disease predicted QOL after stroke. We found no statistically significant differences between the groups for family status, education, employed, age, and chronic comorbidity. These findings may explain why we found no difference in QOL between the two groups.
Doan et al. [30] found that increasing upper limb disability were associated with diminishing HRQOL. This study showed that both groups have impairment in upper limb, according to the subscales of motor function in NI-HSS and JHFT. There was also no statistically significant difference in subscales of motor function in NIHSS and JHFT between the two groups. It can be another explanation for the reason why there was no significant difference in QOL between the two groups in this study.
De Haan et al. [14] used the Sickness Impact Profile to compare QOL in patients with left and right hemisphere lesions. They found that, with the exception of increased speech pathology, patients with left hemisphere lesions had a higher QOL than those with right hemisphere lesions. The authors concluded that this finding reflected the fact that patients with right hemisphere lesions experienced left unilateral neglect, impaired awareness of the disease, and spatial disorientation. However, De Haan et al. [14] did not investigate hand dominance, and their subjects were chronic stroke patients who were assessed 6 months after the stroke. Our study included patients who had not undergone intensive rehabilitation shortly after stroke onset, as well as those who were right-handed and those who were left-handed. Thus, the methodological differences do not allow the comparison of our results with those of De Haan et al. [14] .
Pyun et al. [4] used the Quality of Life Index to compare QOL in chronic stroke patients with right and left hemiparesis after 6 months. They found no difference in QOL between patients with right and left hemiparesis, which is consistent with the previous studies reporting no relationship between QOL and the location of lesion in the brain [29] . However, Pyun et al. [4] did not compare the effect of paralysis of the dominant and non-dominant hands, and their subjects were in the chronic phase not the subacute phase of stroke.
Several studies have found deficits in the strength and dexterity of the uninvolved hand, although the deficit is minor compared to that in the hemiplegic side. The patients largely depend on the uninvolved hand to function in daily life, and the more severe the hemiparesis is the greater the level of dependency [31] .
Harris and Eng [7] investigated whether the impairment in patients with chronic stroke was affected by the involvement of dominant hand. They found less impairment when the dominant hand was involved, compared to the involvement of the non-dominant hand. However, there was no effect of dominance on the use of paretic arm or on the performance of ADL. Thus, although dominance had a positive effect on the impairment, it did not translate into better arm performance in ADL.
Moreover, Harris and Eng [7] found that the scores on functions of individuals whose dominant hand was affected were no different from those of patients whose non-dominant hand was affected. The authors concluded that for more complex tasks (e.g., dressing, eating, and bathing), individuals with stroke may use compensatory strategies, such as using adaptive equipment, thus minimizing the effect of hand dominance. Furthermore, bimanual movement and coordination in ADL tasks are often used, and the required contribution of the dominant hand is not as substantial compared to unilateral tasks. These findings may explain why we found no difference in MBI scores between the groups.
After stroke, 25% to 75% of the patients reported of experiencing depression, which is one of the major predictors of total QOL [32] . We assessed depression using the BDI at an average of 3.59±4.06 weeks after stroke and found no significant difference between the patients with paralysis on dominant and non-dominant hands. Several meta-analyses have found no correlation between brain lesion location and depression [32, 33] . Nelson et al. [34] reported that time was an important factor for depression. They compared depression in patients with left and right hemisphere lesions at 2 weeks, 2 months, and 6 months after stroke and found that although depression resolved in patients with right hemisphere lesions after 2 months, they experienced more recurrence at 6 months compared to the patients with left hemisphere lesions. Our finding is consistent with that of Nelson et al. [34] , which indicates that there was no difference in occurrence of depression between the groups at the subacute stage of stroke.
However, caution must be taken in generalizing our results because our sample was restricted to subacute patients who were studied 3 months after the stroke. Also, www.e-arm.org the patients with chronic stroke were not considered in our study. Moreover, some statistically significant results may have been overlooked due to the small sample size of the dominant-hand group. Finally, the NIHSS score for the patients in our study was lower than that in the general stroke population, indicating that our patients had relatively mild strokes. Further studies that include a larger sample of patients with dominant left hands, patients with chronic stroke, and a wider range of functional impairment are needed to confirm and extend our results.
In conclusion, we investigated whether the paralysis of dominant hand affected QOL in patients with subacute stroke. We found no significant differences in QOL, ADL, or depression between patients with paralysis of the dominant hand and those with paralysis of the nondominant hand. Thus, we conclude that in comparison to the paralysis of non-dominant hand, the paralysis of dominant hand may not be an important factor for QOL in patients with mild subacute stroke.
